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The sorption capacity of cadmium (Cd (II)) on three new generated nanocomposite beads sodium alginate
(SA) based; SA-Clay (SA-C) beads, SA-Phosphate (SA-P) beads, and SA- Activated Charcoal (SA-Ch) beads
was investigated in a batch scale, then a continuous flow reactor.
The highest adsorption capacity (137 mg/g) was obtained for SA-Ch using 1000 mg/L of initial Cd (II).

The isotherm results showed that the adsorption equilibrium is compatible with the Langmuir isotherm
and the sorption capacity of SA-Nano-adsorbent beads is very high. The models used for representing
kinetic data was given that the removal of Cd (II) be well-fitted by second-order reaction kinetics. For
the fixed bed column treatment, the maximum breakthrough times were 30, 38, and 48 h respectively
for the SA-C, SA-P, and SA-Ch.
According to the obtained results, it was concluded that SA-Nano-adsorbent bead is an excellent

designed material as a nanocomposite for cadmium elimination from wastewater in a continuous treat-
ment process.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the last decades, many processes as ozonation, filtration by
the membrane, precipitation, coagulation, reverse osmosis, and
ion exchange have been applied for the elimination of pollutants
from contaminated water (Zhou and Smith, 2002). However, these
technologies have many disadvantages, since they often imply high
costs because demandmuch energy and can carry on the formation
of free radicals and sometimes more toxic than the initial pollutant
(Wenzel et al., 2008).
By involving efficient and low-cost technology of micropollu-
tants removal, the treated wastewater can be made available for
re-use in different sectors (Aziz et al., 2013). Adsorption is an effec-
tive technique used in industry for heavy metals elimination (Aksu,
2001). It is a term commonly used for various processes comprise
physical as well as chemical interactions between the solid sur-
faces of an adsorbent and dissolved metal ions. Adsorption allow-
ing the treatment waters gives rise to a very rich bibliography
through a very great variability of adsorbents.

The major economic constraint is often the cost of the selected
material, the tested materials range from agricultural waste
(Antunes et al., 2012; Bhatnagar and Sillanpää, 2010) to mineral
ones (Aziz et al., 2016) for what can be considered as low-cost
adsorbents. Other studies use modified materials (Avila et al.,
2014) which are very expensive and therefore unusable on an
industrial scale despite promising treatment yields. Recently,
widen importance has been accorded on the biological materials’
research as adsorbents for the elimination of pollutants, which
might minimize the process price substantially and carry out the
adsorption method more ecological and feasible.
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Actually, nano-particles have been applied for their ability as
adsorbents (Aziz et al., 2016). Their smaller dimension increases
their specific surface (Gubin et al., 2005) that improves their chem-
ical response and adsorption potential to fix pollutants (Kalfa et al.,
2009).

At present, the inadequacy of adsorption purification systems
on an industrial scale has, therefore, waken a very dynamic area
of investigation into the implementation of innovative processes
that make it possible to improve purification yields. The transition
from the experimental scale to the implementation of techniques
on industrial facilities was often constrained by economic or prac-
tical reasons.

This confirms the effectiveness of nano-materials using in water
purification; however, this method has some disadvantages, such
their ability to be released into the environment in preparation
and purification procedure, which could cause serious
environmental and health problems, those downsides should be
well-respected during the design of a new form of nano-particle
applications (Bundschuh et al., 2018).

In this sense, generation of composites is a new method to fix
those nano-adsorbents in a rigorist form by embedding it in rigid
support such as a synthetic or natural polymer (Aziz et al., 2016).
This technique has many advantages, in first it guaranteed the
nanoparticles trap and get it very difficult to release it in the envi-
ronment, which we can control their reutilization by regeneration
the nano-composites in a whole that give also the possibility to
recover the adsorbate for later use. Another advantage is that the
method facilitates the transfer of the batch adsorption process to
fixed-bed column because the continuous flow treatment pilots
are the demanded form in the large-scale application.

Alginate beads are regular backing materials in many technolo-
gies (Matricardi et al., 2008) and recently are applied for the envi-
ronmental remediation (Escudero et al., 2006; Silva et al., 2008).
Sodium alginate is differing from many other biopolymers and
extracted from brown algae and bacteria (Painter, 1983; Gorin
and Spencer, 1966). It is a copolymer of two epimer uronic acids:
1,4-(b-D)- mannuronic acid (M) and 1,4-(a-L)-guluronic acid (G).
This polymer is biocompatible, low cost and efficient encapsulating
technique (Scott et al., 1989).

The wastewater treatment operation at the real scale requires
granular materials of controlled size, which numerous researcher
had to generate those materials by the encapsulation of diverse
adsorbents in the alginate composite to improve their potentials
(Escudero et al., 2006, 2009; Ngomsik et al., 2006; Bhat and
Aminabhavi, 2006).

In order to put directly the adsorption technology for real-scale
applications in wastewater purification, it’s necessary to carry out
continuous flow studies using a column model to assess the
intended contact time which the adsorbate attain an equilibrium.

In this work, the sorption properties have been made through
encapsulation with alginate of nano-adsorbent selected from three
natural materials (Moroccan Clay, phosphate rock and marble
powder waste) compared to the activated carbon material, to
remove cadmium (Cd) in a fixed bed column and reach the design
parameters of adsorption in this process of continuous treatment.
2. Materials and methods

2.1. Materials and chemicals used in experiments

Sodium Alginate SA (analytical grade, viscosity (1%; 20 �C) was
purchased from PanReac AppliChem. Calcium chloride anhydrous
(CaCl2) which were used for preparation of beads and Cadmium
nitrate Cd(NO3)2 to prepare a stock solution of 1000 mg. Both prod-
ucts were supplied by Sigma-Aldrich.
2.2. Generation of beads

The procedure for the preparation of alginate beads production
was based on the cross-linking process. 2 g of the SA was melted in
100 mL of distilled water to generate a slimy solution after agita-
tion at 25 �C. The solution is introduced drop by drop, under mag-
netic stirring, using a syringe into 100 mL of 20 g/L CaCl2 solution
using a 10 mL syringe.

SA-Clay (SA-C) beads, SA-Phosphate (SA-P) beads, and SA-
Activated Charcoal (SA-Ch) beads are prepared as following 10 g
of natural clay, natural phosphate, and activated charcoal respec-
tively, then were put within SA solutions during two hours of agi-
tation in order to make a homogeneous dispersion. The mixture’s
solutions were dropped in a solution of CaCl2.

The solutions were confined in the umbra to solidify (24 h). The
encapsulated beads were then immersed in distilled water, several
times and kept in distilled water, the average size of those beads is
2 mm. The process of bead composites production is shown in
Schematic 1.
2.3. Characterization of beads

Scanning electron microscopy (SEM, VEGA3 TESCAN) was uti-
lized to get the qualitative properties of the physical organization
and the morphology of SA beads, SA-C beads, SA-Pbeads, and SA-
Ch beads. Using an energy-dispersive X-ray spectroscopy (EDX)
analyzer TEAMTM EDS to measure elements in micro-area and the
condition of elements distribution in the beads.

Fourier transform infrared spectroscopy was used to character-
ize the chemical structures of the beads. The FTIR spectra were
measured on a VERTEX 70 infrared spectrometer using the KBr
powder to produce pellets by compression in the wavelength range
of 500–4000 cm�1.

The proprieties of materials in terms of arrangement and com-
position were achieved by X-ray diffraction (XRD) diagrams with
monochromatic. The results were gotten with the diffraction angle
(2h) from 10� to 80�.

The specific surface (SBET) was measured by the Brunauer,
Emmett and Teller (BET) method. The pore size distribution
(0.50–249 nm) is obtained utilizing a finite slit pore model
(Jagiello and Olivier, 2013) simulated by NLDFT (Non-Linear Den-
sity Functional Theory) and applied to the adsorption isotherm
from N2 to 77 K. In the ultra-micropore range, the distribution
(0.33–0.80 nm) is obtained by a DFT simulation with an infinite slit
pore model (Jagiello and Thommes, 2004) of the CO2 adsorption
isotherm at 273 K.
2.4. Experiment

2.4.1. Cadmium adsorption in a batch system
Adsorption isotherms were investigated by adding 10 g of

nanocomposite beads of Clay beads, SA-Phosphate beads and SA-
Charcoal into 100 mL of synthetic solutions of 500 mg/L Cd (II).
In another side, 1 g of the raw material of each adsorbent into
100 mL of the same solution to be treated.

The initial pH values of the solution were 7 and experiments
were studied at room temperature. After the suspensions were
shaken for 4 h in an automatic incubator (Model: HEIDOLPH
UNIMAX 2010) shaker, then the samples were collected at various
intervals of time (30 min). The remaining quantity of Cd (II) was



Schematic 1. Schematic representation the preparation of SA–Nano-adsorbent.
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measured utilizing the Atomic Absorption Spectrometer (Model:
SHIMADZU AA 6300).

The equilibrium adsorption capacity (qe, mg/g) was obtained
using Eq. (1):

qe ¼
ðC0 � CeÞ � V

m
ð1Þ

where V is the volume of the solution (mL) and m is the mass of
adsorbent (mg). C0 is the initial Cd (II) concentrations; Ce is the
Cd (II) quantity after adsorption test (mg/L).

2.4.2. Adsorption isotherms
In the aim to establish the correlation among the adsorbed cad-

mium ion quantity and the remaining ions in the solution, the
adsorption isotherm investigation was achieved at equilibrium.
The obtained data were integrated into both the Langmuir and Fre-
undlich isotherm models.

The Langmuir model supposes that the adsorption of metal ions
presents as a monolayer on a homogeneous surface and the non-
linear equation is written as:

qe ¼
qmKLCe

1þ KLCe
ð2Þ

where:
KL = Langmuir equilibrium constant (L/mg).
qm = the quantity of adsorbate (mg) necessary to fill all the

accessible sites in adsorbent (g).
Ce = the equilibrium concentration (mg/l).
The Freundlich isotherm model is envisaged to be relevant for

depicting sorption on heterogeneous surfaces and multilayer sorp-
tion. The Freundlich is expressed by the Eq. (3):

qe ¼ Kf Ce1=n ð3Þ

where qe is the adsorption capacity in mg/g at equilibrium, Ce the
concentration at the equilibrium of metal in mg/L, Kf the constant
linked to the adsorption capacity, and n the empirical constant
related to the adsorption capacity.

2.4.3. Kinetic studies
To study the mechanisms commanding batch adsorption and to

upgrade describe the behavior of the generated nano-adsorbents,
the adsorption results were analyzed utilizing the pseudo-first-
order, and the pseudo-second-order using Eqs. (4) and (5):

logðqe � qtÞ ¼ logqe �
K1t

2:303
ð4Þ

t
qt

¼ 1
K2qe

2 þ
t
qt

ð5Þ
where qe and qt are the quantity of metals removed (mg/g) at equi-
librium and at time t (min), k1(min�1) and k2 (g mg�1 min�1) are the
adsorption ratio constant, respectively of pseudo-first-order and
pseudo-second order adsorption rate.
2.4.4. Cadmium adsorption in a continuous fixed-bed column system
In this study, the continuous system tests were realized in a

glass column with an inner diameter of 5 cm and a height of
40 cm. 150 g of nano-adsorbents beads with average diameters
of 2.5 mm was packed into the column. The Cd(II) solution
(500 mg /l) was passed down into the bottom of the column by a
peristaltic pump at a constant flow rate of 2 mL/min.

The quantity of the cadmium (II) in solution was determined at
specific time intervals and obtained by Atomic Absorption Spec-
trometer (SHIMADZU: AA type 6300/GFA-EX7i).

The treated solution was collected every hour until the break-
through curve was obtained.
3. Results and discussion

3.1. Characterization of the beads

3.1.1. Fourier transform infrared spectroscopy
Fourier transform infrared spectroscopy (FTIR) is an extensive

method that is usually used to analyze materials (Rehman and
Bonfield, 1997). It can provide for the determination of types and
intensities of their surface functional groups.

The FTIR spectrum of SA beads, SA-Clay beads, SA-Phosphate
beads, and SA-Charcoal beads are compared in Fig. 1.

The SA beads FTIR spectra exhibits the peaks around 3429,
1628, 1428, and 1031 cm�1, designating respectively the elonga-
tion of O–H, COO�(asymmetric), COO� (symmetric), and C–O–C,
(Puttipipatkhachorn et al., 2005).

Fig. 1 indicates a wide peak at 3441, 3418 and 4317 cm�1 is
assigned to OH functions, and small variation was spotted in OH
peak stretching after mixing alginate respectively with clay,
phosphate and Charcoal. The band at 2925, 2515 and
2377 cm�1 in the spectra SA-Clay beads, SA-Phosphate beads,
and SA-Charcoal beads respectively are assigned to the CH
extension vibration from glucose molecules in alginate (Ely
et al., 2011). The bands at 1637, 1626, 1603 cm�1 and 1427,
1429, 1415 cm�1 showed in the peak are respectively assigned
to the asymmetric and symmetric elongate bands of COO of
the alginate molecule.

For SA-Clay beads FTIR spectra, the elongate band characterizes
the vibration of SiO was showed at 1019 cm�1. The absorption
band at a low frequency at 578 cm�1 from SiOAl (Oladipo and
Gazi, 2014).



Fig. 1. FTIR of SA beads, SA-Clay beads, SA-Phosphate beads and SA-Charcoal beads.
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The FTIR spectra of SA-phosphate beads, for which the IR peaks
assigned to PO4

3� valence linking forms are shown at 1140 cm�1

(Salah et al., 2006).
The results reveal the lack of any chemical reaction between

alginate and materials (clay, phosphate, charcoal) besides the
breakage of hydrogen bonds during the processes of dissolution
and regeneration.

Taken into consideration the results of the FITR spectra, com-
posite beads were obtained by hydrogen liaison and thermal action
before cross-linking.
3.1.2. SEM analysis
SEM can amplify the object 100,000 times. It is useful to better

comprise the micromorphology on the solid surface and measure
the fractured state of materials. The micrographs SA beads, SA-C
beads, SA-P beads, and SA-Ch beads were observed and are shown
in Fig. 2.

Alginate and CaCl2 are capable to establish a hard structure,
according to his successive emplacement of G units on alginate
which generate hollow to calcium ions to join, which every ion
capable to link to four G units. The design represents the ionotropic
gelation of alginate and is named as the ‘‘egg-box” model (Draget
et al., 2003; Thu et al., 1996).

According Fig. 2(a) SA beads had a rough and lacunar surface
with large wrinkles. Whereas the composite beads (SA-C beads,
SA-P beads and SA-Chbeads (Fig. 2(b)–(d)) have a rugged surface
due to the cavity, which generated over the cross-linking opera-
tion. The shape of composite beads can be described as
spherical.

The porous surface organization ought to be considered as an
agent affording an expansion in the specific surface and the perme-
ability of composite beads. Moreover, these cavities facilitate the
pore diffusion during adsorption due to the importance of the
inner specific surface with a weak diffusion resistance in the com-
posite beads (involve advanced adsorption potential and rate).
Porous nature is clearly evident from this micrograph.
3.1.3. EDX analysis
The EDX characterization was achieved. It allows to quantifying

the active molecules preserved in the beads. The EDX analysis of SA
beads, SA-Clay beads, SA-Phosphate beads, and SA-Charcoal beads
are shown in Fig. 3.

Sodium alginates are the sodium salt of alginic acid which its
chemical composition is ‘‘C6H9NaO7” (Thu et al., 1996). EDX analy-
sis (Fig. 3(a)) marked that SA beads were principally composed of
oxygen (54.91%), calcium (10.04%), chlorine (2.80%) and carbon
(30.94%), also a small tracks of sodium (1.31%) which are results
in conformity with the research of Ramos et al., 2018.

The beads are very analogous in view of their chemical struc-
ture, except the existence of aluminum that considered the most
pertinent difference (0.65%) and silicon (0.03%) in SA-Clay beads,
phosphorus (1.38%) and silicon (4.16%) in the SA-Phosphate beads
and potassium (3.52%) and silicon (3.84%) in the SA-Charcoal
beads. These results were logic due to the presence of clay, phos-
phate, charcoal respectively in beads.

As shown in Fig. 3, there were no other impurity peaks that
appeared in EDX spectra. These are in conformity with results
obtained before in the part of FTIR.

The presence of peaks of some phosphorus, aluminum, potas-
sium and silicon molecules revealed that successful functionaliza-
tion of the alginate was carried out when compared with the plain
alginate elemental composition.

3.1.4. XRD analysis
The crystalline nature of SA beads, SA-C beads, SA-P beads, and

SA-Chbeads was also analyzed by the XRD pattern. Fig. 4 presents
the XRD patterns of bead samples in 2h scan range of 10–90�.

XRD patterns of SA beads, SA-C beads, SA-P beads, and SA-Ch
beads are given in Fig. 4. No diffraction peak was observed for SA
beads indicating that this material is amorphous.

The XRD analysis of SA-Phosphate beads reveals the presence of
the followingphases: fluorapatite; Ca10.00P5.77C0.08O24.64F1.84 (Refer-
ence code: 96-901-0505), quartz: Si6.00O6.00 (Reference code:
96-101-1160), carbonates-fluorapatite: Ca4.04P2.36O17.66F0.33



Fig. 2. SEM of SA beads (a) SA-Clay beads (b) SA-Phosphate beads (c) SA-Charcoal beads (d).
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(Reference code: 96-900-9979) and calcite: Ca6.00C6.00O18.00 (Refer-
ence code: 96-901-6707). The characteristic XRD signals of charcoal
were detected in SA-Charcoal: Si O (20 = 21.10, 12.87, 36.78, 39.49,
42.55, 50.30, 60.21, 68.15 and 75.90), which undoubtedly confirms
that the encapsulation of phosphate and charcoal in the polymer
at amolecular level, allow them to not re-crystallize in the particles.

The XRD pattern of SA-C beads showed characteristic peaks of
SA-C beads, but with less intensity because of the intercalation of
clay in the hydrogels SA which caused to increase the amorphous
nature of the beads.
3.1.5. Textural analysis
The ability of alginate to form stable hydrogels considered one

of the major characteristics, that promise for its ample industrial
uses. The Table 1 indicates the specific surface area (SSA), pore vol-
ume, and size of the nanoadsorbent beads based on alginate
sodium. The SSA of the SA-Ch composite was 389 m2/g, which is
high than the SA-P (291 m2/g) and the SA-C (255 m2/g). This prob-
ably related to the difference of the surface area between the
tested composites and the cross-linking behavior of those nano-
materials with alginate during the encapsulation step.
In this part of texture characterizations, we point out also the
differences between these microporous nanocomposites alginate-
based, this determination of the three porosity form gave enough
information concerning the amount of porosity and the quantity
of pore widths. The elevated SBET surface area is a sign of the pres-
ence of an important microporosity. The results showed that
compared to the beads of sodium alginate only, SA- Ch and SA-P
present a higher volume of narrower micropores, while SA-C has
a higher percentage of larger micropores.

Thus, we suppose the production of ultra micro pores and super
micro pore over the adsorbent encapsulation and these pore struc-
tures became dense with cross-linking nanoadsorbents in alginate.
The hydrogel of alginate had potential to immobilize many mate-
rials and might generate materials of controlling form, waist, and
porosity produces it an encouraging tool as an adsorbent.
3.2. Cadmium uptake capacity of various alginate bead composites

Cadmium was picked as a model of heavy metal and the cad-
mium adsorption capacity of diverse alginate polymer-based
adsorbents was tested. The equilibrium adsorption isotherms



Fig. 3. EDX of surface of SA beads (a) SA-Clay beads (b) SA-Phosphate beads (c) SA-Charcoal beads (d).
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Fig. 4. X-ray patterns of the SA beads, SA-Clay beads, SA-Phosphate beads and SA-Charcoal beads.

Table 1
Textural characterization of alginate bead composites.

Beads Texture

Specific
surface
area BET
(m2/g)

Volume of the
ultra-micropores
(0,2 to 0,8nm)
(cm3/g)

Volume of the
Super-micropores
(0,8 to 2 nm)
(cm3/g)

Volume des
Meso-pores
(2 à 50 nm)
(cm3/g)

SA 4.1 0 0.06 0.11
SA-C 255 0.09 0.12 0.19
SA-P 291 0.23 0.24 0.08
SA-C 389 0.21 0.19 0
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represent the interaction between the material and the ionic metal.
These isotherms are a tool for the optimization of the removal
process and the loading ability of the adsorbent. The initial Cd(II)
metal concentration action on adsorption was investigated to
Fig. 5. Adsorption capacity of SA-Clay beads, SA-Phosphate beads and SA
assess the maximum loading capacity of the generated bead com-
posites of SA-C, SA-P, and SA-C.

According to Fig. 5, the adsorption abilities of Cd(II) onto the
tested bead composites were classified as: SA-Ch > SA-C > SA-P.
Such discordance could due to the structure characteristics of the
bead composites (such as BET-SAA and pore dimensions, see
Table 1). As indicated too, the SA-Ch nanoadsorbent beads showed
the highest SSA-BET and porosity and also reached the highest
adsorption potential. However, the SA-P presented the undermost
SAA and porosities with the lowest adsorption potential. These
results are in harmony with other studies in pervious works which
consider the material structure characteristics, as a significant
parameters for achieving a raised sorption capacity (Kasperiski
et al., 2018; Umpierres et al.,2018).

The experimental data were analyzed using non-linear equa-
tions of most commonly used isotherm models such as Langmuir
and Freundlich. A plot of Ceq/qe vs. Ceq and of log qe vs. log Ceq
-Charcoal beads as a function of equilibrium concentration of Cd(II).



Fig. 6. A plot of Ceq/Cads vs Ceq confirming the applicability of the Langmuir
adsorption isotherm.

Fig. 7. Freundlich equation plots of log Cads vs. log Ceq yielded a straight line for
the three Nano-adsorbent beads.
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present a righteous line as shown in Figs. 6 and 7. The plots exhib-
ited a good correlation coefficient and linearity that favors the use
of Langmuir and Freundlich models in this work.

The results of Langmuir factors got from analyzing of the exper-
imental data and the correlation coefficient (R2) are presented in
Table 2. The important R2 value that are very close to the unit,
marked that the adsorption results are compatible with Langmuir
model and the adsorption of Cd(II) suitably undergo a monolayer
and homogeneous adsorption mechanism. Even that, according
to the Freundlich adsorption model, the n values are in the range
1–10 which indicate the most excellent adsorption and a propi-
tious physical process, and the higher values of Kf mean an excel-
lent adsorption aptitude.
Fig. 8. Pseudo first- order equation plot of SA-Clay be

Table 2
The isotherm model parameters of Alginate Nanocomposites beads.

Langmuir isotherm

qmax (mg.g-1) KL (L.mg-1) b (L.mg-1)

SA-C 112 0,570 0,0754
SA-P 105 0,669 0,0494
SA-Ch 137 0,501 0,0996
The batch adsorption mechanism evolution was explored using
the pseudo-first-order, and the pseudo-second-order. The pseudo-
first order model envisages that the percentage of adsorption sites
saturation is correlated to the amount of vacant sites.

The results of K1 and qe were gotten basing on the slope and
intercept of the linear plot of log (qe � qt) versus t (Fig. 8). The
regression coefficient (R2) results noted a modest convenient to
the adsorption mechanism (Table 3). However, the pseudo-
second order model that considered the hypothesis which adsorp-
tion proceeds a second-order chemisorption showed a higher value
R2 for SA-Ch. This implies that chemisorptions are not the main
process for the sorption of Cd(II) ionic metals unto SA-Ch. The
results of K2 and qe were gotten from the slope and intercept of
the linear plot of t/qt versus t (Fig. 9).

Concerning the treatment by a fixed column bed, the results of
the concentration-time profile (breakthrough curve) are
ads, SA-Phosphate beads and SA-Charcoal beads.

Freundlich isotherm

R2 Kf (L.mg-1) n R2

0,9996 8,732 1,8416 0,8095
0,9978 17,873 2,7563 0,8773
0,9996 9,097 1,7803 0,822



Table 3
Kinetic models comparison for the elimination of Cd(II) applying Alginate Nanocomposites beads.

Pseudo-first-order Pseudo-second-order

qe,exp (mg/g) qe,cal (mg/g) k1 (min�1) R2 qe,exp (mg/g) qe,cal (mg/g) k2 10-5 (g/mg/min) R2

SA-C 93,6 291,47 0,02395 0,8667 93,6 256,41 2,677 0,71
SA-P 87,48 278,16 0,02187 0,7906 87,48 303,03 2,407 0,8471
SA-Ch 119,76 331,21 0,02233 0,7906 119,76 243,90 1,894 0,9406
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represented in Fig. 10. The breakthrough curve is necessary for the
conception of an adsorption column. The results mentioned that
the breakthrough time for the adsorption of Cd (II) increase for
SA-Ch than SA-P and SA-C. The maximum breakthrough times
were 30, 38, and 48 h respectively for the SA-C, SA-P, and SA-Ch.

In applied processes at industrial scale, the adsorbent is mostly
in the form of small particles in a fixed bed column. Practically, an
industrial scale treatments of heavy metal removal from effluents
are realized in continuous mode. A fixed-bed column is often to
bring contaminated water into contact with the adsorbent.

The continuous flow treatment operation seems to have several
advantages than batch process because rates of adsorption related
to the concentration of the adsorbate in effluent being treated. For
Fig. 9. Pseudo second- order equation plot of SA-Clay beads, SA-Phosphate beads
and SA-Charcoal beads.

Fig. 10. The breakthrough curve of Cd (II) adsorption onto SA-Clay beads
that continuous treatment process, we could add the solid adsor-
bents at the top of the column and remove the worn adsorbents
from the bottom.

These results show the achievement of the feasibility of
agglomerating the adsorbent nanoparticles into macroparticles
by keeping these best adsorption capacity potentials in order to
avoid clogging during the column treatment process. This new
design promotes the industrial-scale application to treat effluents
in a continuous flow which is the best practical way in the real
application.

Though, many generated adsorbent particles have some incon-
veniences, as like production difficulty, poor adsorption potential
and selectivity, prolonged equilibrium time, low stability and
mechanical resistance and difficulty of their regeneration, etc.,
which reduce their capacity to use in batch and continuous
process.

Whereof, it is obligatory to optimize easy, low cost and thrifty
method for the production of new adsorption particles with admir-
able characteristics such as good adsorption capacity and selectiv-
ity, excellent resistance and regeneration, in particular, to have
characteristics to perform column operation.
4. Conclusion

A variety of nano-particles have been generated and tested for
contaminated water purification. These involve nano-adsorbents
that have an efficient capacity to eliminate ionic metals. However,
the most application of these adsorbents is their application for the
static adsorption tests, while the convenient applications of real
scale treatment systems require to utilize the continuous flow
process.

In this study, we are followed a new approach to benefit from
the capacity of those nano-adsorbents to be used in an applied sys-
, SA-Phosphate beads and SA-Charcoal beads at 2 mL/min flow rate.
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tem for purification. For that we generated granular particles with
mastered dimension by the encapsulation of various nanoadsor-
bents in sodium alginate (SA) beads. Three materials of SA-Clay
(SA-C) beads, SA-Phosphate (SA-P) beads, and SA- Activated Char-
coal (SA-Ch) beads are prepared, characterized then tested adsorb
the Cd (II) contained in an aqueous solution.

The XRD results afford justificatory proof to the FTIR data which
some specific chemical interactions are made between sodium
alginate and the tested nano-adosrbents. SEM images and BET
analysis indicate a scabrous surface texture for the nano-
composite beads with umpteen pores.

The use of SA-Nano-adsorbent beads as an adsorbent for cad-
mium was investigated. This novel nanocomposites can eliminate
cadmium metals from contaminated water. The experimental
results are convenient to Langmuir and pseudo-second order mod-
els with high correlation factors. The pseudo-second order model
neatly represents the adsorption mechanism of Cd (II) onto SA-P
and SA-Ch beads in contrast to the result linked to the sorption
of Cd onto SA-C beads.

The use of granulous materials based on alginate polymer as the
adsorbent can be more studied involving of each constituent such
as adsorbent and polymer, to remove all kind of pollutants from
water. This will guide investigators to look for low-cost, efficient
and eco-friendly adsorbents that have binding capacities to remove
toxic pollutant compounds.
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